ABSTRACT Objectives: Dietary cholesterol is the leading risk factor for cardiovascular disease and other chronic diseases. Changes in dietary patterns in China recently might have an impact on the trends of diet-related risk factors of chronic diseases. This study aims to monitor the changes in daily cholesterol intake and its food sources in Chinese adults.
INTRODUCTION
Adequate dietary intake is a cornerstone of health promotion and chronic disease prevention. Dietary habits of population are undergoing substantial changes along with the socioeconomic transition worldwide, including developing countries. [1] [2] [3] Changes in dietary patterns might have an impact on the trends of diet-related risk factors of chronic diseases. Dietary cholesterol has been reported to link with the progression of liver disease, 4 and higher risks of stroke 5 and cardiovascular disease. 6 Therefore, several countries have developed specific dietary cholesterol recommendations. Current US nutrition policy and Chinese Dietary Reference Intakes recommend limiting the intake of cholesterol to <300 mg/day for the general population. 7 8 The National Health and Nutrition Examination Survey 2005-2006 reported mean intakes of 278 mg cholesterol/day in the USA, whereas adult females averaged 237
Strengths and limitations of this study ▪ This study observed that the amounts of daily cholesterol intake in Chinese adults steadily increase from 1991 to 2011, as does the proportion of participants with a greater cholesterol intake than 300 mg/day. Adults need to pay attention to the intake in the food groups of eggs, pork, fish and shellfish in China. ▪ The primary limitation of this study is that the accuracy of daily cholesterol intake estimates was limited by the accuracy of recalls provided by survey participants, based on a dietary survey. ▪ Food grouping can have a major influence on the ranked order of dietary sources, as the number of food grouping or the ingredients in food groups may be partially different compared to previous studies conducted in various countries.
compared to 358 mg cholesterol/day for adult males. 7 As the pervasive public health programmes are focusing on nutrition education, shifting from red meat to poultry, the general population is increasingly concerned about cholesterol intake. The trends in compliance with the dietary recommendations of the Swiss Society for Nutrition in the Geneva population were assessed for the period from 1999 to 2009 using 10 cross-sectional, population-based surveys, and found that the percentage of participants with a cholesterol intake of <300 mg/day increased from 40.8% in 1999 to 43.6% in 2009 for men and from 57.8% to 61.4% in women, although the quality of the Swiss diet did not improve over the study period. 9 By contrast, few studies longitudinally reported that mean daily cholesterol intake and the proportion of people with a greater intake than the recommended amount increased in adults of both Taiwanese and Chinese origin. 10 11 On the contrary, food sources of cholesterol may be undergoing great changes with the modifications in lifestyle and dietary habits worldwide. China has experienced extremely rapid economic growth over the past three decades, which induced the epidemic of a Western lifestyle. However, the dietary cholesterol intake status in Chinese in recent years is rarely reported. Taken together, the longitudinal studies targeted on the trends and food group patterns of dietary cholesterol intake in China are required.
By use of longitudinal data from the China Health and Nutrition Survey (CHNS), the aims of the present study were to examine the trends in dietary cholesterol intake and its food sources in Chinese adults younger than 60 years between 1991 and 2011, and to investigate the differences in dietary cholesterol intake across demographic factors.
METHODS

Study population
We used data from the CHNS, which is an ongoing series of longitudinal household surveys with the goal of examining how the wide-ranging social and economic changes in China affect a wide array of nutrition and health-related outcomes. The CHNS conducted nine rounds between 1989 and 2011 in nine provinces (autonomous regions). A multistage, random cluster sample was used to select the survey sample in each province to make sure that the CHNS provided a representation of urban and rural areas. The survey design and methods have been described in detail elsewhere. 12 Our analysis focused on the adult population aged 18-59 years; therefore, it used the eight waves of survey data between 1991 and 2011, given that the population composition in the 1989 survey consisted only of young adults. Of all the participants who had full socioeconomic status and demographic data, and 3-day, 24 h dietary recall data, we excluded pregnant or lactating women and those having implausible energy intakes (<800 kcal/day or >6000 kcal for men and <600 kcal or >4000 kcal for women). 13 The current analysis therefore consisted of 21 273 participants (10 091 males and 11 182 females) clustered in 239 communities, resulting in 62 616 total responses in the eight survey years. The research was reviewed and approved by the Institute Review Board of the University of North Carolina at Chapel Hill and the Chinese Center for Disease Control and Prevention.
Dietary data
Household food consumption data and individual dietary recall data were collected during three consecutive days including one weekend day and two weekdays. 12 14 All foods and condiments in home inventory, purchased from markets, picked from gardens and food waste, were weighed and recorded at the beginning and end of the survey. Individual dietary intake data were collected by asking each household member to report all food consumed at home and away from home on a 3-day, 24 h recall basis, involving the types, amounts, type of meal and place of consumption.
Assessment of dietary cholesterol
The Chinese Food Composition Table was utilised to calculate the individual daily intake amount of cholesterol for each food item in the dietary data.
Evaluation of urbanisation
The standardised, validated urbanisation measure 15 captures the changes in 12 dimensions at the community level, including population density, economic activity, traditional markets, modern markets, transportation infrastructure, sanitation, communications, housing, education, diversity, health infrastructure and social services. Each is based on numerous measures applicable to each dimension.
Statistical analysis
The values were expressed as mean±SE for continuous variables or as a percentage of the total for categorical variables. Data were analysed using both descriptive and analytic statistics. The study sample was subdivided according to different demographic factors. Adjusted means and SEs were used to describe the distribution of continuous variables after adjusting for complex sampling and covariates including age, sex and urbanisation. Age was adjusted as a continuous variable, and urbanisation as a categorical variable. Linear mixed-effect models using unstructured (UN) covariance patterns were used to calculate adjusted mean values of total dietary cholesterol, individual cholesterol intake from specific foods and the proportions of participants with more than 300 mg of cholesterol intake daily, and to examine the temporal trends after adjusting for intraclass correlation within clusters and covariates including age, sex and urbanisation. All statistical analyses were performed using SAS V.9.1 software (SAS Institute, Cary, North Carolina, USA). (table 1) . The mean age ranged from 36.6 to 43.7 years, and a significant increased trend over the survey periods was observed ( p<0.0001), although the differences between consecutive two survey years were mild. Slightly more than half (50.7-53.1%) of the participants were female in the eight survey years. In terms of urbanisation, the scores of low, medium and high urbanisation progressively increased across the survey years ( p<0.0001), which indicated that dramatic urbanisation occurred in the past 20 years in China. (table 2) . Furthermore, Chinese adults in different age (18-39 and 40-59 years), sex and urbanisation groups steadily consumed more cholesterol over time ( p<0.0001). The mean cholesterol intake per day increased by 97.9 and 101.8 mg/day from 1991 to 2011 in two age groups, respectively. Similar increments were found in male and female groups. It is worth noting that the increase in daily cholesterol intake (112.1 mg/day) between 1991 and 2011 in adults from a low urbanisation area was considerable, which accounted for 109% of the intake level in 1991. Although the smallest absolute and relative changes (71.2 mg/day and 29.5%, respectively) over the survey period were observed in adults living in a high urbanisation area, the daily cholesterol intake was highest in each survey year.
RESULTS
Subject demographic characteristics
Trends in food sources of daily cholesterol intake by age, sex and urbanisation We further investigated food sources of daily cholesterol intake by age, sex and urbanisation in Chinese adults from 1991 to 2011, and representative data in 1991, 2000 and 2011 were shown in tables 3-5.
In both age groups, daily cholesterol intake levels from the majority of food items showed increasing trends over time ( p<0.0001), except for animal fat and organ meats (table 3) Likewise, daily cholesterol intakes from major food items showed increasing trends over time ( p<0.0001), whereas those from animal fat and organ meats displayed decreasing trends ( p<0.0001) in male and female adults (table 4). The most significant food sources were eggs, pork, fish and shellfish in that order in each survey year, from which the cumulative proportion of cholesterol ranged from 81.7% to 87.4% daily. The insignificant food source of cholesterol was milks during the study periods, which provided 2.2-2.8 and 2.8-3.7 mg/ day cholesterol in males and females, respectively. Animal fat was the main source and ranked fourth in all foods in 1991; however, it acted as an unimportant food source of cholesterol in 2011. In contrast, daily cholesterol intakes from poultry increased from 4.4 and 3.6 mg/day in 1991 to 11.4 and 9.2 mg/day in 2011 in males and females, respectively, which ranked fourth in 2000 and 2011.
In the stratified analysis by urbanisation (table 5) , daily cholesterol intakes from major food items also showed increasing trends over time ( p<0.0001), whereas the trends in those from animal fat and organ meats were opposite ( p<0.0001), especially the quantity of cholesterol from animal fat which dropped from 7.6, 11.9 and 12.0 mg/day in 1991 to 3.6, 3.5 and 2.1 mg/day in 2011 for adults from low, medium and high urbanisation areas, respectively. The top three food sources of daily cholesterol intake were eggs, pork, fish and shellfish in that order in any urbanised area in each survey year. Poultry was a key source of daily cholesterol in 2011 in low, medium and high urbanisation areas, although it supplied lower cholesterol in 1991. Interestingly, the quantity of cholesterol daily from beef and milks were most inappreciable in adults from a low urbanisation area across the survey years, while the most insignificant food source of cholesterol was milks in medium and high urbanisation areas across the survey years.
Trends in proportions of subjects with excessive cholesterol intake daily
The proportions of Chinese adults who consumed more than 300 mg/day cholesterol increased from 14.9% in 1991 to 34.2% in 2011 ( figure 1) . Furthermore, the increasing trends in proportions of adults with more than 300 mg/day cholesterol intake in different age (18-39 and 40-59 years), sex and urbanisation groups across the survey years were significant ( p<0.0001). The most striking proportions were observed in adults of the high urbanisation area, which was 28.8% in 1991 and increased to 45.1% in 2011.
DISCUSSION
Mounting evidence identified that cardiovascular disease is the leading cause of death, and dietary cholesterol is one of the key risk factors for cardiovascular disease by altering plasma cholesterol. 16 Thus, monitoring dietary cholesterol intake status is informative for prediction of dietary habits, compliance with nutritional recommendations, cardiovascular disease and other chronic diseases. However, the related longitudinal studies using large samples in China are scarce. This study evaluated the changes in the amount of daily cholesterol intake and identified food sources of dietary cholesterol in Chinese adults during the 20-year period (1991-2011) by using the data from the CHNS cohort, which includes nine waves and reflects the changes in demographics, economics, nutrition and health in China in the past few decades. Although mean dietary cholesterol consumption was stable in adults worldwide between 1990 and 2010 (global change +7 mg/day (−1 to 15)), 17 our findings showed a 1.6-fold difference in mean daily cholesterol intake in Chinese adults from 1991 (165.8 mg/day) 
and later survey years remained higher than the mean global consumption (228 mg/day) in 2010 for adults. 17 Participants in different age, sex and urbanisation groups steadily consumed more cholesterol over time. As a result, the increasing trends in the proportion of participants who consumed more than 300 mg/day cholesterol across the survey years were significant. The leading sources of cholesterol were eggs, pork, fish and shellfish in that order; conversely, cholesterol from milks remained negligible, whereas poultry was gradually becoming a major contributor. All these results indicated that Chinese adults consumed increasingly high cholesterol mainly from eggs, pork, fish and shellfish, and deviated from dietary reference intakes.
In Europe, the reported daily cholesterol intakes of Spanish adults in 2001 (440.87 and 359.14 mg for men and women, respectively) were higher than those indicated in the nutritional objectives for the Spanish population (<300 mg/day). 18 Similar amounts of cholesterol were also found in Greece. 19 During the past 20 years, China has experienced remarkable socioeconomic development, with the mean income rising by several folds. The average amount of daily cholesterol intake in Chinese healthy adults was 430.7 mg in a survey conducted in a highly urbanised district of Tianjin from 2010 to 2011. 20 This report indicated that the lifestyle of people in the developed areas has changed dramatically. The nutrition-related lifestyle has led to increased intakes of cholesterol and other nutrients. Another regional study in Guangxi, province of China, found that the mean dietary cholesterol was 199.2 mg/day in Han Chinese, 21 highly less than that in Tianjin, 20 which implied regional differences exist in China. Very few data on the changes in cholesterol intake over the past few decades were available. Our study conducted a comprehensive and longitudinal survey of daily cholesterol intake in Chinese adults covering a wide variety of nine provinces and autonomous regions from northern to southern parts of China between 1991 and 2011, which was a nationally representative sample. Although the mean daily cholesterol intake levels of participants from different age (18-39 and 40-59 years) and sex groups in each survey year were less than the recommended level (300 mg/day), these values steadily increased by about 100 mg/day from 1991 to 2011. Compared to the Nutrition and Health Survey in Taiwan 1993 Taiwan -1996 Taiwan to 2005 Taiwan -2008 where the mean cholesterol intake in men aged 19-30 years exceeded 400 mg and that of men aged 31-64 years was about 300 mg, while the intake of cholesterol in women aged 31-64 years was less than 300 mg in the 1993-1996 survey, in the 2005-2008 survey, the mean cholesterol intake of men aged both 19-30 and 31-64 years exceeded 400 mg and that of women was about 300 mg; moreover, about 80% of men and 45% of women had daily intakes of cholesterol greater than 400 mg. This study in China showed that cholesterol intake levels between young and old adults were almost comparable across the survey years, whereas, similar to the Taiwanese study, females most likely consumed less cholesterol than males, suggesting different dietary habits and lifestyles between men and women. In addition, our data displayed that adults residing in a high urbanisation area had extremely high cholesterol intake over time, which was greater than 300 mg/day from 2000, and there was the most significant increment in cholesterol intake in a low urbanised area from 1991 to 2011, indicating diverse food choices and affluent living in a high urbanised area, and enormous influences of socioeconomic transitions on dietary behaviours in a low urbanised area. As a whole, the mean daily cholesterol intake in Chinese adults was lower than that in Taiwanese adults during corresponding periods. 10 For these differences, demographic, economic and dietary characteristics may play a role. However, issues of concern remained in China; the proportions of deviation from cholesterol reference intake significantly increased over time, with around 37.2% males and 31.3% females having a daily cholesterol intake of more than 300 mg in 2011.
In terms of food sources of cholesterol among Chinese adults from 1991 to 2011, the highest ranking sources remained eggs, pork, fish and shellfish in each subgroup. These top three food items increasingly supplied cholesterol during 1991-2011 and contributed more than 80% of the total cholesterol together. These findings were consistent with the main cholesterol sources for adults in Taiwan, 10 possibly due to the similar eating habits between the Chinese and Taiwanese. Different from the observations among US adults from the 1989-1991 to 1994-1996 Continuing Survey of Food Intakes by Individuals, 22 there were remarkable changes between surveys in food sources identified for cholesterol in Chinese adults from 1991 to 2011. Cholesterol supplied by animal fat declined and was insignificant in 2011 in most of the subgroups (except for low urbanised regions), whereas cholesterol being of poultry origin increased and was considerable in 2011. The plausible explanation was that some positive dietary and behavioural changes have appeared, along with the dramatic increase in the availability of new food choices in recent times. When consuming meat products, people are encouraged to select lean or low-fat meat and poultry, and avoid the products made from animal fats. 23 From a comparison of the food group distribution for cholesterol in this study to that in other Asian countries, such as Korea (2000) 24 and Japan (1994), 25 and the USA (2003) (2004) (2005) (2006) , 26 several interesting features were observed, including that the three top food sources in Chinese adults were quite similar to that in Koreans aged 30-85 years; in contrast to Chinese and US adults, milk was a major contributor in middle-aged Japanese as well as Koreans; distinct from China and Korea, pork was a negligible source in Japan and the USA, where pork was mostly replaced with various fish/shellfish and poultry/beef, respectively; poultry gradually became a main source over time in China but was insignificant in Japan and Korea; similar to Koreans, beef became an important source in young Chinese adults in 2000 and 2011; eggs ranked first as a source of cholesterol in each country; almost half of the total cholesterol intake was derived from eggs in Chinese adults in our study; and organ meats were a unique source of cholesterol in China. Taken together, these differences may be attributable to geographic location, food supply, dietary habits and economic levels.
The study is not without limits. As with all studies based on dietary survey, the accuracy of the intake estimates was limited by the accuracy of recalls provided by survey participants and the specificity to which the reported foods were mapped in the dietary recall records. In addition, food grouping can have a major influence on the ranked order of dietary sources; thus, caution is advised when comparing these data with previous reports, [24] [25] [26] if there were differences in the level of aggregation (such as the number of food groups) or disaggregation procedures used to include ingredients in food groups.
CONCLUSIONS
In conclusion, the amounts of daily cholesterol intake in Chinese adults steadily increased from 1991 to 2011, as did the proportion of participants with a greater cholesterol intake than 300 mg/day. Adults need to pay attention to the intake in the food groups of eggs, pork, fish and shellfish and ensure that it is appropriate. On the basis of all these findings, we recommend strengthening public nutrition education by developing leaflets, posters and slides. As the eating behaviour and dietary patterns may change, the governments and nutrition societies should keep revising dietary guidelines and daily food guides to encourage population health.
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